We wanted to evaluate whether a minimal extrathyroid extension (METE) is associated with the clinicopathological parameters that are indicative of a poor prognosis, including lymph node metastasis, distant metastasis at the time of the initial diagnosis and tumor recurrence, in patients with papillary thyroid carcinoma (PTC), and especially in the patients with papillary thyroid microcarcinoma (PTMC). Methods: We retrospectively evaluated the medical records of patients with PTC and who had undergone total thyroidectomy with/ without subsequent 131 I remnant ablation at the Korea Cancer Center Hospital from January 1998 through December 2005. A total of 557 patients with PTC were enrolled in the study. We excluded 13 patients with an unknown status of extension and 29 patients with massive ETE. Results: Of the 515 patients, 401 were found to have a METE. We analyzed the 464 patients who were without distant metastasis at the time of the initial diagnosis and who had a follow-up duration of more than 6 months. METE was not significantly associated with tumor recurrence during the follow-up period (median follow-up period: 122 months, range: 6-142 months): 8% vs. 15% of the patients with and without METE had tumor recurrence, respectively (P = 0.069 by the log-rank test). We analyzed the effect of tumor size in the patients with METE. Size was not significantly associated with tumor recurrence (P = 0.374 by the log-rank test). Conclusion: These findings suggest that METE might not be a prognostic factor to predict tumor recurrence in patients with PTC, including PTMC. (Endocrinol Metab 25:340-346, 2010) 
INTRODUCTION
Extrathyroid extension (ETE) is defined as an extension of the primary tumor beyond the thyroid capsule and invasion into the surrounding structures (e.g., the strap muscles, trachea, larynx, vasculature, esophagus and recurrent laryngeal nerve) [1, 2] . Massive ETE is defined as tumor extension beyond the thyroid capsule to invade the subcutaneous soft tissues, larynx, trachea, esophagus or recurrent laryngeal nerve, and tumor of any size with massive ETE is classified as T4a according to the 7th edition of the International Union Against Cancer TNM Classification (2010 TNM staging) [3] . Minimal ETE (METE) is defined as tumor extension to the sternothyroid muscle or perithyroid soft tissues and any tumor with METE is classified as T3 according to the 2010 TNM staging.
Extrathyroid extension is well established as an important adverse prognostic factor for patients with papillary thyroid carcinoma (PTC) [1, 2, [4] [5] [6] [7] . ETE is associated with high mortality [1, 2, [4] [5] [6] [7] as well as with high tumor recurrence [1, 2, 6, 7] in patients with PTC.
Yet it is unclear that METE is associated with a poor prognosis, including increased mortality and recurrence in patients with PTC [8] [9] [10] [11] [12] , and especially for patients with papillary thyroid microcarcinoma (PTMC) [10, [13] [14] [15] [16] [17] [18] [19] .
Despite of this uncertainty of the prognostic effect of METE, the presence of METE, regardless of tumor size, is classified as T3 and at least stage III (in patients older than 45 years) according to the 2010 TNM staging system, which mandates aggressive operations, including total thyroidectomy and lymph node dissection, in conjunction with adjuvant radioactive iodine therapy [20, 21] .
The aims of this study were to evaluate whether METE is associ-http://www.enm-kes.org ated with clinicopathological parameters that are indicative of a poor prognosis such as lymph node metastasis, distant metastasis at the time of initial diagnosis and tumor recurrence in patients with PTC, and especially in patients with PTMC.
SUBJECTS AND METHODS

Subjects
We studied all the patients with PTC who underwent near-total or total thyroidectomy with lymph node dissection with/without Patients were selected for the study if their resected thyroid glands were available for further gross and histological examinations after being divided into 1-cm sections.
Patients' clinicopathological parameters
We retrospectively reviewed the medical records of the subjects.
A detailed pathological report was available, including information about the maximal tumor diameter, ETE, multifocality and lymph node metastasis. The demographics (age and gender), histopathological findings and clinical outcomes (distant metastasis and recurrence) were analyzed.
The central cervical lymph nodes were defined as lymph nodes of Level VI (i.e., the pretracheal, paratracheal and prelaryngeal/ Delphian lymph nodes) and these nodes were classified as N1a according to the 2010 TNM staging system. Lateral cervical lymph nodes were defined as unilateral, bilateral, contralateral cervical or superior mediastinal lymph nodes, and these nodes were classified as N1b according to the 2010 TNM staging system.
We identified the patients with METE based on the pathological findings as well as intraoperative surgical findings, and the patients with tumor equal or less than 1.0 cm were classified as having PTMC based on the pathological findings. 
RESULTS
Clinicopathological characteristics
A total of 557 patients with PTC who underwent near-total or total thyroidectomy with lymph node dissection followed by subse- was approximately 78% in our study. There was no significant difference in age (45 ± 12 vs. 47 ± 13, P = 0.057) and gender between the METE-and METE+ groups.
There was a statistically significant difference in tumor size between the METE-and METE+ groups (1.5 ± 1.3 cm vs. 2.2 ± 1.5 cm, respectively, P < 0.001). There were multifocal tumors in 46% of the METE-group and in 48% of the METE+ group, and this showed no statistically significant difference. Lymph node metastasis was seen in 64% of the METE-group and in 77% of the METE+ group. Central cervical lymph node metastasis was shown in 40% of the METE-group and in 42% of the METE+ group. Lateral cervical lymph node metastasis was shown in 24% of the METE-group and in 35% of the METE+ group. There was a significant difference in the incidence of cervical lymph node metastasis between the METE-and METE+ groups (P = 0.015). There was no significant difference in the incidence of distant metastasis at the time of initial diagnosis (2% vs. 6%, respectively, P = 0. I remnant ablation therapy (P = 0.026) remained significant with multivariate analysis after controlling for clinicopathological parameters. However, the association between METE with cervical lymph node metastasis or distant metastasis disappeared with multivariate analysis (Table 2 ).
Recurrence and disease-free survival
We excluded the patients who had distant metastasis at the time The Kaplan-Meier method for recurrence with the log rank test was used for statistical comparisons. The effect of tumor size in the patients with METE If METE is not a prognostic factor, then the effect of size will be prominent in patients with tumor with METE. So, we analyzed the patients with tumor with METE. According to the reason described above, we included 401 patients with METE. Seventy four patients had tumors equal to or smaller than 1 cm (the small group), 286 patients had tumors 1-4 cm (the intermediate group) and the remaining 41 patients had tumors larger than 4 cm (the large group).
There was no statistically significant difference of age, gender and the incidence of distant metastasis at the time of the initial diagnosis among the groups (data not shown). However, multifocality (P = 0.013) and lymph node metastasis (P < 0.001) were significantly different among the 3 groups. To analyze tumor recurrence, we excluded the patients with distant metastasis at the time of the initial diagnosis and also the patients with a follow-up duration less than 6 months. Of the 358 patients, 55 (15%) had experienced recurrence during the observation period. According to an increase of size, we observed the trend of increasing tumor recurrence. How- Fig. 2 . Disease-free survival according to extrathyroid extension in the 429 patients with tumor smaller than 4 cm and without distant metastasis at the time of the initial diagnosis. The Kaplan-Meier method for recurrence with the log rank test was used for statistical comparisons. (7 patients) of the large group (P = 0.307 by the log-rank test; Fig. 4 ).
DISCUSSION
In this study, we evaluated the clinical importance of METE on tumor recurrence in PTC patients. We found that METE was not associated with the clinicopathological parameters that were indicative of a poor prognosis such as lymph node metastasis, distant metastasis at the time of the initial diagnosis and tumor recurrence in patients with PTC and PTMC.
The presence of ETE is directly related to the appropriate surgical intervention, a high incidence of local recurrence and high mortality in patients with PTC [1, 2, [4] [5] [6] [7] . Most authors who reported ETE was a prognostic factor for patients with PTC did not consider differences in the degree of extension [1, 2, [4] [5] [6] [7] . Some authors have reported that gross METE was associated with a poor prognosis, such as high recurrence, in patients with PTC, but microscopic METE was not [8, [10] [11] [12] . However, Arora et al. [8] reported that microscopic METE, similar to gross METE, was significantly associated with lymph node metastasis, positive surgical margins and angiolymphatic invasion, although microscopic METE was not significantly associated with tumor recurrence. Hu et al. [9] reported that microscopic METE was associated with a high incidence of tumor recurrence. Although there have been reports that METE was associated recurrence in patients with PTMC [16, 19] , most studies have reported that METE does not affect relapse-free survival [13] [14] [15] 17, 18] . Ito et al. [10] reported 8 of a total 129 patients (6%) with PTMC had gross METE, which did not affect the relapse-free survival. But regardless of size, the presence of METE is classified as T3, the same as for tumor with a size larger than 4 cm according to the 2010 TNM staging. Patients with higher stages of disease are subjected to more aggressive operation in conjunction with adjuvant radioactive iodine therapy [20, 21] . At our institute, patients with any form of ETE were given total thyroidectomy and high doses of radioactive iodine therapy, and even for the cases with PTMC. This study suggests it is not reasonable that tumor with METE is classified into the same stage, regardless of size.
According to the revised American Thyroid Association Guideline [22] , the presence of METE belongs to the intermediate-risk category. For cases of PTC with METE, and especially smaller than 4 cm, radioiodine remnant ablation is recommended in selected cases because it did not affect the risk of death and the effect on the risk of recurrence has been controversial [22] . Our current study showed results that corresponded with the revised ATA guideline, although our study did not show the disease-specific survival but the disease-free survival. The presence of METE should not belong to a higher TNM stage, rather, such a case should be downgraded and especially in respect to tumor recurrence.
Although METE is not high risk prognostic factor, according to 2010 TNM staging, only the presence of ETE calls for classifying these patients as a high stage and so they should undergo more aggressive treatment. Shaha [21] suggested that every patient with well-differentiated thyroid cancer does not require total thyroidectomy and radioactive iodine treatment, and about 80% of the patients do well with lobectomy alone, while 15% will require aggressive treatment, including radioactive iodine treatment, and 5% will die with locally aggressive thyroid cancer or with distant metastasis. Further study on the relation between the anatomical site or size of thyroid tumor and ETE is needed.
Because METE was not associated with tumor recurrence, we assumed the effect of size would be prominent in patient with the same status of METE. However, size was not associated with tumor recurrence. We can suggest several causes of this phenomenon.
First, the size of tumor is the best predictor for cancer-specific survival [23, 24] , but not for tumor recurrence [25] [26] [27] . In this study, in all the patients with or without METE or in the patients with METE, size was not associated with tumor recurrence. Second, there was the possibility that tumor with more aggressiveness, such as distant metastasis at the time of diagnosis, was excluded from the analysis for tumor recurrence. In this study, the tumors with a larger size had more distant metastasis at the time of diagnosis, although there was not a significant association. Another study reported that the size of tumor was associated distant metastasis at the time of diagnosis from the results that tumors larger than 0.5 cm had the in-http://www.enm-kes.org creased incidence of ETE and cervical lymph node metastasis, and tumors larger than 2 cm had the increased incidence of distant metastasis in the patients with PTC [28] .
This study has some limitations. First, we analyzed only the patients with near total or total thyroidectomy and who underwent lymph node dissections. During the duration of this study, the number of the patients who underwent surgery at our hospital was approximately 1,500. More than half of the total patients of underwent surgery were excluded because the patients underwent less than total thyroidectomy or they did not undergo lymph node dissection. Second, we did not divide METE into microscopic and macroscopic. "Microscopic" or "macroscopic" was determined depending on where we detected the METE. For example, if we detected METE on the operation field during surgery, then this was classified as macroscopic. If we detected METE during histological examinations, then this was classified as microscopic. However, we had difficulty to determine whether METE was macroscopic or microscopic.
In summary, METE was not a poor prognostic factor for patients with PTC, including PTMC. Therefore, we suggest that the patients with METE could be downgraded to the low risk group in patients with PTC.
CONCLUSIONS
In conclusion, METE is not associated with clinical recurrence in patients with PTC. METE might not be a prognostic factor to predict tumor recurrence in patients with PTC, including PTMC.
